This paper presents a set of cavity flow calculations involving door opening, store release and aeroelasticity. Aeroelastic effects were present, but secondary for the case at hand. For established bay flows, the structural excitation showed a directional dependence, and the structures were responding to the flow frequency content. Maximum store deformations were of about 2% of the store diameter. This is the first time where such effects are quantified for store releases from within bays. The store deformation while interacting with the shear layer, and the store trajectory variability are also quantified.
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Introduction
Weapon bays are used to enhance the stealth of modern military aircraft. Nevertheless, during store delivery, exposed bays generate a strong acoustic field produced by a complex interaction between the shear layer and reflected acoustic waves travelling in the bay [1, 2] . During carriage and release, stores are subjected to this unsteady flow and may undergo elastic deformations. The aeroelasticity of stores inside cavities received substantial attention in the last five years both using CFD and experiments. Flight tests were conducted by Probst et al. [3] using an SUU-41 POD mounted on a F-16. A store model, with canards and fins was placed at different carriage positions inside the cavity. The store loads and accelerations were noticeably influenced by the tonal fluctuations. Wagner et al. [4, 5] obtained similar results in a wind tunnel. The store was represented by a cylinder held on two support rods [4] , and had a tunable natural frequency [5] . The results showed an excitation of the store at its natural structural frequencies, and at cavity modes. Near mode matching, the store response varied with changes of the store vibration by a factor two for a variation of cavity tone frequencies by about 1%. Switching to a complex cavity geometry increased the span-wise vibrations due to further asymmetries in the cavity flow [6] . Nevertheless, experiments were limited to low Reynolds numbers compared to in flight conditions, and the scaled structures were not representative of actual full scale stores. This is where the versatility of Computational Fluid Dynamics (CFD) can aid the analysis of stores in full size weapon bays. If the deformations of the surfaces are small enough, the coupling of CFD with Computational Structural Dynamics (CSD) is loose [7] , but results may be inaccurate. For better accuracy, a strong coupling method employed by Babu et al. [8] 3 fers the loads from the CFD to the CSD grids, and sends back the deflections to the CFD grid taking into account the flow and structure history. With this method, Babu computed the fin deformations of a full size store and found fin tip displacements of 2.5 mm for the store placed near the bay shear layer. The fins were mainly excited at the structural frequencies. Table 1 summarises research works on weapon bays with store aeroelasticity. This paper goes further, adding aeroelasticity to the store body using a full finite element model. For the first time, store releases are performed with complete store aeroelasticity, and the results are presented in three sections. First, stores were held at fixed positions at carriage and shear layer. Then, the aeroleasticity of the stores during door opening was studied. Finally, aeroelastic stores were released to quantify store trajectory variability.
CFD method
The Helicopter Multi-Block (HMB3) [9, 10] code is used in the present work. The solver is described in references [11, 12, 13, 14] and has been extensively validated for cavity flows. DES is by far the most common way to account for the effect of turbulence in cavity flows. Nevertheless, DES is expensive, especially when several computations of store releases are required. Promising results with the SAS method [15] encouraged Babu et al. [11] to use this approach for weapon bay flows. Their results suggest that SAS captures the essential physics of the weapon bay, and at the same time, provides a significant reduction in CPU time by almost an order of magnitude. For this reason SAS is also used in the present work. The 6DoF method is presented in reference [16] . Only the aeroelastic method used for store deformations is shown here.
In this work, all computations were carried out using Scale-Adaptive Simulation with a timestep equal to 1% of the cavity length travel time (0.12ms). The free-stream Mach number was 0.85, and the Reynolds number based on the cavity length (Re L ) 6.5 million. The conditions approximated an aircraft flying at 3000ft, T = 8.51deg, p = 89900P a, ρ = 1.11kg/m 2 , and U ∞ = 286m/s. The computations begin with a transitional phase where the cavity flow settles. The first 10 cavity travel times of the flow, or equivalently 130ms, are ignored, and then, the flow is sampled and stored for analysis. 4 
Geometric and Computational Model
This work considers a prismatic cavity 3.59m long, 1.03m wide, and of length to depth ratio of 7.0 (Figure 1) .
The doors are modelled as solid flat plates with a thickness of 0.3% of the cavity depth, a width of 46% of the cavity width, and a length of 98% of the cavity length ( Figure 1 ). These dimensions allow for cavity venting when doors are fully closed. φ s and φ p are the starboard and port side doors angles, with zero degrees corresponding to the closed doors position. CFD results at different configurations with static doors are tested and compared against computations for dynamic opening. Static door configurations include cases at 20, 45, 90 and 110 degrees. The effects of the dynamic door opening are assessed by computing the door operation for angles between 0 and 110 degrees. The doors were moving at 220 degrees/sec, and their opening was equivalent to 40 travel times at 3000 ft of altitude. The opening Strouhal number compares the door opening frequency f d , and the travel time frequency f tt as:
where L is the cavity length, and U ∞ is the free-stream velocity. Modern fighters complete the door opening during approximately 1 second, for a cavity length of about 4 meters. This corresponds using the selected CFD conditions, to a Strouhal number of 0.027, while the simulated opening speed, gives Strouhal numbers 0.047. This was selected based on earlier work [17] where fast door opening was seen to effect the store more. The store had a mass m s , was 90% of the cavity length, and had four fins in a cross configuration (Figure 2) . The fins were supported by a rod so that they can rotate, with respect to the store body ( Figure 3 at mid length of the store. Without doors, the carriage position was at mid cavity depth (Z/D=-0.50), while the store was carried at Z/D=-0.56 allowing space for closing the doors.
All simulations were performed using the chimera technique [12] assuming one independent grid by object. A frame of reference is attached to each solid object (cavity, door, fins, 7 store). The cavity is attached to the earth system using the North East Down (NED) convention where, X is positive pointing north ahead of the store, Y is positive east and perpendicular to the X axis, and Z is positive towards the earth centre ( Figure 1 ). The zero is defined at the mid-span of the front bay lip. The store system X b , Y b , Z b is right-handed and coincident with the earth system for the store at carriage, with respect to the roll, pitch and yaw axes ( Figure 2 ). The moments are computed about the gravity center at the mid-span of the store.
The door systems X ds , Y ds , Z ds (starboard door) and X dp , Y dp , Z dp (port door) are right-handed and coincident with the earth system when closed, with respect to the roll, pitch and yaw axes. The moments are computed about the red dots of figure 1 .
Each fin uses a local reference, where X is positive north, away of the fin, Z is positive from root to tip and perpendicular to the X axis, and Y is positive towards the port side the fin (Figure 3 ).
The force (C f orce ) and moment coefficients (C moment ) are computed using: 
Fluid-Structure Interaction Modelling
The aeroelastic framework of HMB3 is based on the modal method [8] . This method uses structural modes computed with NASTRAN and a mesh deformation module based on the inverse distance weighting interpolation.
Structural Modes
For the structural deformations, the modal approach is used to lower the computational cost. It expresses solid deformations as functions of the structure's eigenmodes. The body and fin structural modes are obtained using NASTRAN. The structural models include 23000 points on the missile and 27148 points on each fins. The structural equations are solved with the linear eigenvalue analysis SOL103 method of NASTRAN [18] . Four fin modes are visualised in figure 4 (modes F1 to F4 of table 3) .
At carriage the store cannot move freely. The motion of the body is constrained by the ejector release unit (ERU) holding the store at two points. The holders are modelled by two elastic elements (CBUSH) fixed to the ceiling and to the store by multiple point connections ( Figure 5 ). The forward, and the aft hangers are respectively placed at 1.62m and at 1.97m from the store nose. Ten carriage modes are listed in table 3, and figure 6 shows the first six of them. At carriage, the modes and frequencies of the store are different from free flight. After the store is released from the ERU, the store can freely deform, and six other structural modes, shown figure 7, were computed.
CFD/CSD Interpolation
At the beginning of each computation, the structural modes are interpolated from the CSD to the CFD grid. The interpolation is performed with the Moving Least Square method (MLS). This method is accurate as loads integrations and displacement computations are carried out on the CFD grid without interpolation.
Also, the different solids in contact have to be identified relatively to each other ( Figure 8 ) to be able to compute the motion of each fin (object 3) shown in blue, relatively to the body (object 1) shown in green. Then, all shared points between fins and body are identified. Finally, a zone of size R from the shared points called patch (object 2) is defined on each fin.
Computation of the Modal Loads and Amplitudes
The CFD computation is performed on the deformed mesh to obtain the solution at t + ∆t. The pressure is then summed over the undeformed mesh points to compute the modal loads f s m (t) on the solid (s) for the m-th mode at time t:
with n s the number of CFD points on the solid s, p(p, t) the pressure at a point p in N/m 2 , and φ s m (p) the mode displacement at the point p for the m-th mode of the solid s normalised by the generalised mass set to 1kg. The modal load unit is N/m.kg. 
For stability purposes, the analysis is started with a strong damping coefficient of ζ m = 0.7 for each mode. The high starting damping in the equation is used to control the oscillations created by the step that appear at the beginning of the simulation, due to the sudden change in the forces applied to a second order system. Once the solid reaches an acceptable level of deformation, the damping is then gradually brought to its final value of ζ m = 0.1.
Then, equation 5 is explicitly solved using the leap-frog method. To ensure stability of higher modal frequencies, each timestep is solved in N i inner timesteps of size ∆t i = ∆t/N i . The modal force at the time t i = t+i∆t i is :
The m-th amplitude α s m is then assessed for inner timestep t i + 1 :
The time derivative of the amplitudes are then computed as:
Deformation of the Surface Mesh
The displacement of the surface of each solid is computed using equation 4. Then, the surface mesh is deformed for each solid body, beginning by the store body where the displacements are applied to all surface points. Then, the fin motion due to the body displacement is computed with the method presented in figure 9 . For each fin (f) to deform, the displacement due to the body (b) is computed as:
with R and t, respectively, the mean rotation matrix, and the translation vector of the shared points between the fin and the body, and P = [x, y, z] the position of the points of fin f (Figure 9c ). The translation vector is the mean displacement of the n sp shared points between the body and the fin:
with φ b (p) the displacement of the point p imposed by the body. The centroids of the shared points are computed on the original position A, and at the position B imposed by the body:
The optimal solid rotation to go from position A to position B is computed with the Singular Value Decomposition technique (SVD). This method the fast and easy to implement [19] . The centers of both A and B are sent to the origin. Then, a covariance matrix H is computed:
The singular value decomposition of the matrix is computed as: (c) Computation of the translation t, and rotation R due to the body.
(d) Displacement of the fin using t and R.
(e) Deformation of the fins following the structural modes.
(f) Surface mesh at time t+dt after patch interpolation. The rotation matrix is then given by:
Finally, the computed displacement with equation 10 (Figure 9d ) and the displacement due to the structural modes are applied to the fin (f) outside the patch (Figure 9e ). The displacements of the patch points are interpolated using Inverse Distance Weighting (IDW) between the fins points that just moved, and the shared points imposed by the body position (Figure 9f ). This interpolation uses the same method as described in the following section 2.2.5.
Volume Mesh Deformation
To adapt the volume mesh to the surface of the deformed solid, a mesh deformation algorithm has been implemented in HMB3, based on Inverse Distance Weighting (IDW) [20] . IDW interpolates the values at given points with a weighted average of the values available at a set of known points. The weight assigned to the value at a known point is proportional to the inverse of the distance between the known and the given point. Biava et al. [21] used this method to optimize rotor blade shapes in HMB3, and obtained good quality mesh after mesh deformations.
Given N samples u i = u(x i ) for i = 1, 2, ..., N, the interpolated value of the function u at a point x using IDW is given by:
where
In the above equations, p is any positive real number (called the power parameter ) and d(x, y) is the Euclidean distance between x and y (but any other metric operator could be considered as well).
The method in its original form becomes expensive as sample data sets get larger. An alternative formulation of the Shepard's method, which is better suited for large-scale problems, has been proposed by Renka [22] where the interpolated value is calculated using only the k nearest neighbours within an R-sphere (k and R are given, fixed, parameters). The weights are slightly modified in this case:
If this interpolation formula is combined with a fast spatial search structure for finding the k nearest points, it yields an efficient interpolation method suitable for large-scale problems [20] . The modified IDW interpolation formula is used in HMB3 to implement mesh deformation in an efficient and robust way. The known displacements of points belonging to solid surfaces represent the sample data, while the displacements at all other points of the volume grid are computed using equation (17) with the weights of equation (19) . For fast spatial search of the sample points, an Alternating Digital Tree (ADT) data structure [23] is used. A blending function is also applied to the interpolated displacements, so that they smoothly tend to zero as the distance from the deforming surface approaches R.
CFD Validation

Cavity Flow Validation
Simulations were carried out for the M219 cavity [24] . M219 has a length to depth ratio of 5, a width to depth ratio of 1, and a length of 0.51m. Experiments were carried out by Nightingale et al. [24] at Mach 0.85, and a Reynolds number Re L , based on the cavity length, of 6.5 million. The cavity has two doors attached at its sides at an angle of 90 degrees. Data was obtained using Kulite T M pressure transducers at the cavity ceiling. CFD results for three grid densities of 13, 22 and 34 million points are compared to the experimental data for the cavity with doors. The computations used a dimensionless time-step of 0.01, and the SAS model [25] .
Three tests at the same conditions, named S1, S2 and S3 were performed for the M219 cavity with doors. They were sampled at different frequencies and have different durations. Table 4 presents a summary. Figure 10 shows the SPL and OASPL at the ceiling mid-span for the different experimental data sets computed using the raw data. Vertical lines represent the Rossiter modes [26] . The SPL shows strong tones close to Rossiter modes 1, 2, 3 and 4 and a strong broadband noise. There is a finite number of tones of different amplitudes, and their distribution is not harmonic. S1 and S2 have similar SPL, and show less than 2dB differences in the OASPL. However, run S3 is different by 40dB in frequency, and 4dB in amplitude for the tones. In addition, the OASPL is 3dB lower at the cavity front. Short runs with small frequency sampling as S3 are not necessarily identical as cavity flow fluctuations are not periodic, and contain strong broadband noise. This shows that measurements of cavity flows are difficult and need long signals sampled at high rate. For CFD comparisons, run S2 is employed as it is the longest signal, and it agrees with the over-sampled signal S1 obtained two years earlier [24] . Past works [2, 16] were using signal S3 for comparison with CFD, and for this reason, the envelope, and peak values appear to be slightly different than what is shown in figure 11 .
Since the CFD simulations are run for a typical length of 25 cavity travel times, and run S2 spans 16798 travel times, the comparison is carried out as follows. The experiment is divided in windows of 25 travel times, and the minima and maxima over all the windows are reported in figure 11 as envelope and vertical bars. This shows large fluctuations between each experimental segment with an amplitude of 30dB in SPL, and 10 dB in OASPL. Figure  11a shows the SPL comparison between CFD and experiments at 95%L on the cavity ceiling mid-span. The vertical black lines represent Rossiter's modes. The SPL results are in better agreement with the test data when the fine grid is used, capturing both tonal and broadband noise. The OASPL, on figure 11b is shown at cavity mid-span. The second Rossiter mode is dominant, with a W shape of the OASPL, as captured by the CFD and the experiments [27] . There is convergence towards the fine mesh solution, with a small relative difference of 1 dB between medium and fine grids.
There is a small overestimation of the OASPL, all along the cavity length. A large number of simulations performed with various models [28, 29, 30] had similar overestimation. This may be due to experimental errors, the signal length, limitations of the SAS [25] and DES [31] approaches, and simplifications in the CFD setup for this case.
Validation for Six Degree of Freedom Simulation
This section presents additional validation of the employed CFD method for a store released from a weapon bay. In earlier work [16] , the AGARD case [32] for external store release was used. Over all available data for store release from cavities, experiments performed at the Arnold Engineering Development Center (AEDC) [33] are at conditions closer to the present computations, and have been selected for validation.
The Mach number was 0.95, and the cavity was assumed to fly at 6096m. The Captive Trajectory System (CTS) was used. Using the standard atmosphere, the flight conditions were equivalent to a temperature of -24.6deg, a static pressure of 46619 Pa, and a density of 0.65 kg/m3. The full scale cavity was 4.57m long, 1.02m wide with L/D of 4.5. The employed store was Figure 12 : Geometry, cavity axis, and store at carriage position.
2.87m long, with four fins and canards in a cross configuration. The store had five degrees of freedom with rolling disabled. At carriage, the store CG was at half cavity depth. After an ejector stroke, the store was released with a full size downward velocity of 9.14m/s, and a pitch, nose-down velocity of 57deg/s. The store release characteristics are summarised in Four releases are performed at different times, and the results are shown in figure 13 between HMB using SAS, Kim [34] using DES, and experiments. The displacements in the stream-wise, and span-wise directions are small, and less than two centimetres. The vertical displacement is mainly driven by gravity, and ejection characteristics, and no significant variability is seen in the computations for it. However, the store attitudes, show large variability in pitch and yaw, as also seen in reference [34] .
Results and Discussion
Store Aeroelasticity in Clean Cavity
Simulations were carried out with the store at the carriage and at shear layer of the cavity without doors, and are summarised in table 6. At each store position, two computations were performed with rigid and elastic store body to determine if the fins are influenced by the body motion. This section only considers the carriage body modes. Table 6 : Computed aeroelastic cases Figure 14 shows the sound pressure level (SPL) along the cavity ceiling mid-span with and without the store. In the following, the cavity modes are called M1 to M6. The clean cavity presents strong resonance up to the sixth cavity mode. Adding the store at shear layer, reduces the broadband noise and the tonal amplitudes of modes 1, 4, 5 and 6. Moving the store at carriage, the noise decreases further with weaker tones. This is due to the blockage effect of the store that reduces the flow fluctuations inside the cavity. Figure 15 shows the RMS and maximum displacements of the store body nose and tail at carriage and shear layer. Overall, the tail vibrates at larger amplitude as most of the cavity flow unsteadiness occurs at the aft of the Moving from carriage to shear layer position, the RMS deformations increase by 40%, and the maximum deformations reach 1.8mm. This corresponds to about 1% of the store diameter. The span-wise and vertical accelerations of the body tail are shown in figure 16 at carriage and at shear layer. They are respectively shown with the modal forces of the modes Y i and Z i contributing to the deformation along the Y, and Z axes. The modal forces of modes above Z3 are not shown as they drive negligible deformations. Between carriage, and shear layer positions, the trends are similar, with an acceleration peak close to the structural modes Y1, Z1, Y2 and Z2, followed by a second weaker peak close to Z4, Y5, Z5. The body has a directional dependent response to the cavity flow. In the span-wise direction, the modal forces do not show strong peaks close to the cavity flow modes, and the body is only exited at its modal frequencies. On the other hand, the vertical modal forces exhibit peaks near the cavity modes. At carriage, the cavity modes M1 and M2 are visible in the modal forces and accelerations. At the shear layer position, there are stronger fluctuations, and all modal forces show peaks at the cavity modes M1 to M5, leading to significant acceleration peaks. The directionality of the acceleration is caused by the relatively symmetric cavity flow modes around the cavity midspan, leading to weaker unsteady loads in the span-wise direction. When the store is at the shear layer, it is subjected to the strongest vertical loads due to the large differences between the cavity flow and the free-stream. The experiments in reference [4] show a similar behaviour with a smaller store model. Figure 17 presents the RMS and maximum displacements of the trailing edge tips of the fins at carriage and shear layer. Here, the displacements are shown in a reference frame attached to the fin root, and moving with the store body. The body elasticity has a small effect on the fins, because its deformations remain about 1% of the store diameter. However, fins 1 and 2 are close to the shear layer for both store positions, leading to similar RMS deformations of about 0.8mm. Moving closer to the shear layer, fins 3 and 4 on the upper side of the store are subject to an increase of 60% of their RMS displacement from 0.5 to 0.8mm. The maximum deformations reach values of about 3mm. In the earth axis, the RMS and maximum displacements respectively reach values of 1.0mm and 3.5mm.
At the trailing edge tip of fin 4, the acceleration spectra are compared between the cases with rigid and elastic bodies, in figure 18 . The fin accelerations show a peak at the two first structural modes. This supports that Mode Y3   Y1,Z1  Y2,Z2  Y3  Z3  Y4  Z4  Y5, Z5  M3  M1  M2  5  M4  6 (c) Span-wise acceleration at shear layer 
Store Aeroelasticity with Doors
The store is subject to the aerodynamics loads from the beginning of the door opening. This section presents results of computations including an aeroelastic store placed at carriage with doors. Static doors are held at 20, 45, 90 and 110 degrees, and are dynamically moving from 0 to 110 degrees at 220deg/s. The computations are also compared with the results of reference [17] that presents similar computations, without the store. Table 7 summarises the computed cases. 29 ment as described in reference [17] . As soon, as the door opening begins, a jet appears between the doors and the cavity front lip (Figure 20a ), producing disturbances at the cavity front. When reaching the ceiling, the flow resembles a closed cavity configuration (Figure 20c ) but rapidly switches to a transitional flow (Figure 20e) . Finally, the jet detaches from the ceiling, and an open cavity flow establishes with the shear layer spanning the cavity length (Figure 20g ). With the store at carriage, the flow also establishes with closed, transitional, and open flow steps. However, the store shields a part of the cavity ceiling, and the jet hits the store while the flow evolves. The loads on the cavity walls are presented in figure 21 for the cases with and without store. The signals of the dynamic cases are averaged over windows of 1.6 travel times, and the min and max of the signal over the window are also computed and shown as shaded envelope. This window width filters the frequencies above 50Hz for better readability of the plot, and for the static cases, the full time signal is used. The dynamic case shows a peak around 20 degrees when the jet interacts with the cavity, and the loads approach the static values when the open cavity flow is established. Adding the store at carriage, shields the cavity walls, and alleviates peak loads due to the jet, while, after the flow transitions to an open configuration, the store does not influence the wall loads. The store loads ( Figure 22 ) show small differences between static and dynamic cases during the transition at about 30 degrees opening as the jet affects only a small part of the store front. After transition (see figure 22 at φ > 50 degrees), the store load fluctuations increase reaching values close to one of the static door case as the flow develops. In figure 23 , the store deformations are shown for static door cases with and without doors (left column), and for dynamic cases with doors(right column). The RMS values are computed for the dynamic cases over windows of 1.6 travel times, and the envelope is represented as figure 21 . Adding the fully opened doors to the cavity, the RMS displacements are unchanged (see red bars in figures 23a and 23c), because of a small effect of the doors at the mid-span of the cavity, as also shown in reference [17] . During the dynamic opening, the fin displacements are increasing with the door angle ( Figure  23d ), but not reaching larger values than the fully opened case. However, the body shows a different behaviour, with a peak deformation at the nose where the jet hits the store at about 20 degrees (Figure 23b values are smaller than for the static cases. The body tail behaves like the fins, because it is not directly impacted by the jet during transition. This section shows that the door opening is not a critical case for the present cavity/store combination, as the structural deformations are of the same order of magnitude compared to the fully established flow.
Aeroelastic Store Release
This section is the continuation of the work presented in reference [16] where twenty store release simulations were performed with the store modelled as rigid. This paper goes further adding the aeroelasticity to the complete store. The following computations do not include bay doors.
Store Release Process
The store release includes three phases. At carriage (Z/D=-0.5), the store is fixed and computed using aeroelastics while the flow is allowed to develop. Then, during the stroke phase, the store is pushed towards the cavity opening at a vertical velocity of 5m/s, with other degrees of freedom set to zero. This phase ends when the stroke length of 0.129m is reached. Finally, the store is free to move under the aerodynamic forces. At carriage, and during the stroke phase, the store is fixed to the ejection system (not included in the CFD geometry), and the carriage modes are activated. stroke, the store detaches from the ejection mechanism. To ensure continuity of the computation, the carriage modes are still active with their forces f s m (t) set to zero to stop their excitation. At the same time, the free air structural modes are activated. Figure 24 shows the deformations at the body tail due to both sets of modes during the release HS10000. Computations carried out for different release times are shown here, and are summarised in Table 8 : List of carried elastic releases.
Results and Discussion
Statistical convergence is tested using the maximum of the normalised difference between the average of n+1, and n trajectories defined as in reference [16] :
with µ(t, n) the average of n trajectories, where t covers the complete time of simulation. The envelope of the trajectory is defined as the maximum difference between minimum, and maximum over all releases and all store vertical positions. W e is the largest envelope width over all positions. A trajectory component was considered as converged if the difference (∆ µ ) between two consecutive averages was less than 9%. In our earlier work [16] , and without considering aeroelastic effects, a criterium of 5% was used. To meet this stricter criterium, would require more trajectories simulated than we could deliver before the deadline for this conference paper. The number of releases to converge the statistics depends on the order of the trajectories. To minimise this effect, ∆ µ was computed for 100.000 random trajectory permutations. For each permutation, the number of releases required to converge the statistics was computed, and the cumulative plot in figure 25 indicates the number of converged permutations with respect to the number of releases included in the mean. The statistics are always converged after 8 releases. Consequently, this average is seen as converged for this case, and the results can now be used to compute a mean flow and make comparisons with the rigid store case [16] . Figure 26 shows the store trajectory for elastic and rigid releases. The average over all releases is shown as solid lines, and the standard deviation as shaded area. Overall, the averaged loads are unchanged by the store aeroelasticity because the deformations are not large enough to lead to any significant flow modification. In addition, the small differences seen between the rigid and elastic cases on figure 26 are also due to the slightly different criteria used to decide the convergence of the store release statistics. The variability in roll is evident in the results of figure 26, and the difference between rigid and elastic cases are more pronounced. The amplitude of the roll angle, variability is, however, of similar size. The store deformations are shown in figure 27 for the body and the trailing edge tip of the fins during the aeroelastic release. The average over all releases is shown as solid lines, and the standard deviation as shaded area. As the store clears the cavity, its tail is pushed out by the strong pressure fluctuations at the cavity aft, leading to a decrease of its structural deformation. On the other hand, the store nose reaches a peak of deformation when it interacts with the shear layer at Z/D=0.2. Further away from the cavity, the store leaves the zone of influence of the cavity flow, and the deformations become smaller.
The fins behave differently during the release. Fins 1 and 2 are subject to larger deformations when the store is inside the cavity, as they are directly exposed to the turbulent shear layer. Moving outside the cavity, the fins rapidly leave the high pressure fluctuations, and their deformations become smaller. Fins 3 and 4 present a peak of deformation when the store is around Z/D=0.4. At this point, the fins are in contact with the turbulent shear layer which is more active than for the fully established cavity flow, due to the interaction between the store nose and the shear layer [16] .
Conclusions
This paper presented a set of calculations involving door opening, cavity flow development, and store release. The store elasticity was modelled to quantify the deformations occurring during the weapon bay operation. Aeroelastic effects were present, but secondary for the case at hand. When the bay flow was established, the structural excitation showed a directional dependence due to the relative span-wise symmetry of the bay flow. The tonal fluctuations excited the body, while the fins were more influenced by the broadband fluctuations. Overall, maximum store deformations were of about 2% of the store diameter. This is the first time that such effects are quantified for store releases. During release, the store trajectory variability remained for aeroelastic stores. The work shows that multi-physics simulations can be used with current generation computers to complement experiments for weapon bay and store design.
